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Traditional delivery systems generally exploit internalizing ligands to promote 
cellular uptake of anticancer drugs. However, internalizing the delivery of anticancer 
drugs faces limitations in practice. For example, the antigen-barrier effect and the 
inefficient penetration of the delivery systems (e.g., antibody) into solid tumors might 
significantly restrict the release of drugs to few perivascular tumor cells. These 
limitations inspired the recent development of noninternalization-based intracellular 
drug delivery systems. This alternative concept is based on the prerequisite that 
anticancer drugs released from their carriers accumulated in tumor environments can 
further diffuse into the surrounding tumor cells, and result in tumor necrosis. In 
general, noninternalizing delivery systems consist of a noninternalizing ligand with 
which cytotoxic agents are conjugated via cleavable linkers. Polymeric carriers, either 
noninternalizing ligand-decorated or undecorated, might represent a promising 
alternative for being exploited as noninternalizing delivery systems, which can 
accumulate in tumor microenvironments through either active or passive tissue 
targeting. 
To achieve selective and kinetics-controllable release of anticancer drugs from 
noninternalizing delivery systems, disulfide bonds have been increasingly exploited to 
mediate the extracellular release of drugs especially considering that intracellular 
reducing agents (e.g. glutathione (GSH), cysteine (Cys)) would extravasate to the 
surrounding environment when cell death is initiated. In addition, increasing evidence 
has demonstrated the activation of cell-surface thioreductases, which would also 
facilitate the reduction of disulfide linkers in extracellular spaces. However, the 
behaviour of disulfide bonds in polymers (considered as potential noninternalizing 
carriers) in extracellular spaces has received little attention, though it might be 
complicatedly influenced by the composition and structure of the polymers, or even 
















(bio)reduction of disulfide bonds incorporated into polymer. Four different 
disulfide-containing fluorescent probes were designed and synthesized, which allow 
for real-time and quantitative analysis of the reduction of disulfides in redox buffers 
and the tracking of bioreduction during cell culture. 
This thesis comprises four chapters listed below. 
Charpter1. First, we shortly overview the traditional delivery systems and 
introduce their limitations in practice. In the next section, we introduce the 
disulfide-containing noninternalization-based intracellular drug delivery systems and 
the relationship between tumor microenvironment and disulfide exchange. We focus 
on disulfide-containing NIDS. Finally, we introduce the properties, advantages and 
biologicalapplications of POEGMA. 
Charpter2. Two different copolymers, Poly(AEMA-co-OEGMA500) and 
Poly(AEMA-co-MPC) were synthesized through ATRP of AEMA,OEGMA500 and 
MPC.These polymers were then reacted with N-succinimidyl 3-(2-pyridyldithio) 
propionate (SPDP), which leads to introduction of disulfide bonds in polymers. Thus, 
by taking POEGMA as a model polymer-based noninternalizing delivery system, 
fluorescent probes were designed and synthesized in next chapter. 
Charpter3. A thiol-bearing boron dipyrromethene (BODIPY) fluorophor was 
synthesized, and conjugated to polymers by a disulfide bond. Self-quenching and 
energy transfer from BODIPY to a non-fluorescent quencher (Tide Quenchert 2,TQ2) 
or a fluorescent acceptor (Rhodamine B, RhB) were exploited for the construction of 
the four probes, in which TQ2 or RhB was conjugated through non-cleavable covalent 
bonding. Self-quenching between BODIPY fluorophores results in suppression of 
fluorescence, and FRET effect lead to much more pronounced suppression of 
fluorescence. 
Charpter4. Fluorescence dequenching of 1–4 in redox buffer was then examined 
in the presence of DTT, GSH, Cys and protein thiols (serum). To further analyze the 
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